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Mutation spectrum and genotype-phenotype analyses in
Cowden disease and Bannayan—Zonana syndrome, two
hamartoma syndromes with germline  PTEN mutation
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The tumour suppressor gene  PTEN, which maps to malignancy. Somatic PTEN deletions and mutations
10g23.3 and encodes a 403 amino acid dual specificity were observed in sporadic breast, brain, prostate and
phosphatase (protein tyrosine phosphatase; PTPase), kidney cancer cell lines and in several primary tumours
was shown recently to play a broad role in human such as endometrial carcinomas, malignant melanoma
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and thyroid tumours. In addition,  PTEN was identified
as the susceptibility gene for two hamartoma
syndromes: Cowden disease (CD; MIM 158350) and
Bannayan—Zonana (BZS) or Ruvalcaba—Riley—Smith
syndrome (MIM 153480). Constitutive DNA from 37 CD
families and seven BZS families was screened for
germline  PTEN mutations. PTEN mutations were
identified in 30 of 37 (81%) CD families, including
missense and nonsense point mutations, deletions,
insertions, a deletion/insertion and splice site
mutations. These mutations were scattered over the
entire length of PTEN, with the exception of the first,
fourth and last exons. A ‘*hot spot’ for ~ PTEN mutation in
CD was identified in exon 5 that contains the PTPase
core motif, with 13 of 30 (43%) CD mutations identified

in this exon. Seven of 30 (23%) were within the core
motif, the majority (five of seven) of which were
missense mutations, possibly pointing to the functional
significance of this region. Germline PTEN mutations
were identified in four of seven (57%) BZS families
studied. Interestingly, none of these mutations was
observed in the PTPase core motif. It is also worthy of
note that a single nonsense point mutation, R233X, was
observed in the germline DNA from two unrelated CD
families and one BZS family. Genotype—phenotype
studies were not performed on this small group of BZS
families. However, genotype—phenotype analysis in
the group of CD families revealed two possible
associations worthy of follow-up in independent
analyses. The first was an association noted in the
group of CD families with breast disease. A correlation
was observed between the presence/absenceofa  PTEN
mutation and the type of breast involvement (unaffected
versus benign versus malignant). Specifically and more
directly, an association was also observed between the
presence of a PTEN mutation and malignant breast
disease. Secondly, there appeared to be an inter-
dependent association between mutations upstream
and within the PTPase core motif, the core motif
containing the majority of missense mutations, and the
involvement of all major organ systems (central
nervous system, thyroid, breast, skin and gastro-
intestinal tract). However, these observations would
need to be confirmed by studying a larger number of
CD families.

INTRODUCTION

Trichilemmomas, benign tumours of the hair follicle infundibulum,
and mucocutaneous papillomatosis are hallmarks of CD, occurring
in 99% of CD patients2(4). Other common hamartomas in CD
patients include thyroid adenomas and multinodular goitres
(40-60% of CD patients), breast fiboroadenomas (70% of affected
females) and hamartomatous Gl polyps (35-40%). Affected CD
individuals are at an increased risk of both breast and thyroid
cancers, breast cancers developing in 25-50% of women and
thyroid cancer in 3-10% of all affected individuats5§. CNS
manifestations are present in this syndrome, occurringQeo of
cases 4). Megencephaly/macrocephaly is present in 38% of
CD patients. Lhermitte—Duclos disease (LDD), dysplastic ganglio-
cytoma of the cerebellum, can lead to seizures, tremors and poor
coordination, and is now established as a component o6€). (
CNS tumours, both benign and malignant, may also be components
of CD.

Unlike CD, an increased risk of malignancy is not documented
as being present in BZS. However, the partial clinical overlap
between the two syndromes is exemplified by the presence of
intestinal hamartomatous polyps, macrocephaly and multiple
lipomas (occurring in a minority of CD patients). Other features
that may be observed in BZS include an increased risk of
intracranial tumours, vascular malformations, Hashimoto’s
thyroiditis, pigmented macules of the glans penis, delayed motor
development, mild mental retardation and an early age of onset
(10-13). Elucidation of a possible allelic relationship between
these hamartoma syndromes awaited the isolation of a candidate
susceptibility gene.

The CDsusceptibility gene was localized to a 5 cM interval on
chromosome sub-band 10g22-23 between the microsatellite
markers D10S541 and D10S564 (14). SubsequenthyPTEN
[alternatively namedIMAC1and TEP1by independergroups
(15,16)], a nine exon gene in this region encoding a dual
specificity phosphatase with homology to tensin and auxilin, was
identified as the CD susceptibility gen&5¢19). Germline
missense and nonsense point mutations were found in four of five
CD families, one of these families also having LOB)( These
findings were confirmed by two other grou,21). Further
analyses were also able to implicRfEEN as the susceptibility
gene for BZS, with germline nonsense and missense point
mutations being identified in two BZS famili€x?].

In this study, we have perform&rEN mutation analysis in
37 CD families and seven BZS families. Genotype—phenotype
association analyses were carried out within the CD group in an
attempt to identify correlations that may have clinical implications
in the management of these patients in the future.

RESULTS
PTEN mutation analysis in CD and BZS

Constitutive DNA was collected from affected and non-affected
members of CD and BZS families and analysed HFOEN
mutations. GermlinPTENmutations were identified in 30 of 37

Hamartomas are developmentally disorganized, benign growtf81%) CD families (Tablel). These mutations were scattered
and are characteristic of two clinically related autosomal dominaoter the entire gene with the exception of the first, fourth and last
syndromes, Cowden disease (CD) and Bannayan—Zonana (B£3pns (Figsl and2). Where additional family members, both
or Ruvalcaba—Riley—Smith syndrome. The predominant phenaifected and non-affected, were available, mutations were shown
type of CD, or multiple hamartoma syndrome, is hamartomas o segregate with the disease phenotype in CD families. None of
many organ systems including the breast, thyroid, skin, centrile missense mutations identified was observed in a panel of

nervous system (CNS) and gastrointestinal (Gl) traeb)(

100 control alleles.



Table 1.PTENmutations in CD and BZS

Family identifier Mutation Exon/IVS
CD families

F97009 (LDD) €.158insATAC exon 2
F97019 c.158delTA exon 2
CDmy IVS2-2A-. G IVS2
F97017 I67R exon 3
F92003 (LDD) IVS3 +5G> A IVS3
CDay Q87X exon 5
CDve €.302-304del(TCA)insCC exon 5
F96078 €.304insT exon 5
CDcl Q110X exon 5
CDst c.347-351del exon 5
CDht; CDme C124R exon 5
CD2053; CDbh G129E exon 5
CDpl; CDtm R130X exon 5
CDuy R130L exon 5
CDwt (LDD) E157X exon 5
CDte G165V (likely splice) exon 6
F97013 c.565delA exon 6
CDbn; CDsi R233X exon 7
F93036 c.723ins TT exon 7
F96006 Q245X exon 7
F95044 €.800insA exon 7
CDfn €.971insAT exon 7
CDne Y315X exon 8
F95016 c.981delA exon 8
CD93 R335X exon 8
F93019 €.1007insA exon 8
CD0014 no mutation -

cdin no mutation -
CDma no mutation -
CDkk no mutation -
CDwr no mutation -
F91006 no mutation -
F93034 no mutation -

BZS families

BanRO Y68H exon 3
BanR S170R exon 6
BanO ¢.520-544del exon 6
BanS R233X exon 7
BanSm-1 no mutation -
BanSm-2 no mutation -
BanW no mutation -
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exons 5, 7 and 8 contained 77% (23/30) of all the mutations
identified in CD families.

Seven of the 13 mutations in exon 5 were within the core motif,
five being missense point mutations. Of the 13 exon 5 mutations,
five were 5 of the core motif, and one occurredod the core
motif. It is worthy of note that all 13 of the mutations falliig 3
of the PTPase core motif are predicted to truncate the PTEN
protein, whilst only 11 of the 17 (65%) falling&nd within this
motif are predicted to truncate. In contrast, five of the six
missense mutations were found in exon 5, all within the interval
encoding the PTPase core motif (RY.

Only four mutations, C124R, G129E, R130X and R233X, were
each shown to occur in more than one CD family (Tapl&wo
of these four, R130X and R233X, occurred at CpG dinucelotides.
Haplotype analyses in these families using microsatellite markers
in the 20 cM interval flankin@ TENexcluded founder effects for
commonPTEN mutations in the respective families (data not
shown).

GermlinePTENmutations were identified in four of seven (57%)
BZS families. Where available, additional family members, both
affected and non-affected, were screened and mutations were shown
to segregate with the disease phenotype. None of these mutations
was found in the PTPase core motif. Two BZS families had
mutations in exon 6, the first, a 25 bp deletion, ¢.520-544del25,
predicted to cause premature truncation of the protein, and the
second, a missense point mutation, S170R. Other BZS mutations
were found in exon 3 (Y68H) and exon 7 (R233X) (Tahldhe
S170R and R233X mutations have been published previ@sly (
Interestingly, the R233X exon 7 mutation is present in both a single
BZS family and two unrelated CD families.

Hemizygote analysis at IVS8 +32 T/G

Potential hemizygosity at tHeTENIlocus in mutation-negative
families was assessed by screening for a T/G polymorphism
within PTEN intron 8 detected by differential digestion with
the restriction endonucleasdincll. This polymorphism is
moderately heterozygous, with an earlier study finding 50% of
samples to be informative for this mark&s); In three of the
seven CD families without detected germliEEN mutations,
there was retention of heterozygosity at this marker in at least one
affected member, thus excluding the possibility of whole gene
deletion in these families. The three BZS families without detectable
germlinePTEN mutation were homozygous at this site.

Genotype—phenotype analyses in CD

Thirty five of the 37 CD families screened f8TEN mutations

were analysed for genotype—phenotype correlations. Two CD
families, CDne and F97017, did not have adequate clinical data
to be included in genotype—phenotype studies. For two other

Of the 30 CDPTEN mutations identified, 10 (33%) were previously published families, CD0014 (mutation-negative) and
nonsense point mutations, six (20%) were missense poi®D2053 (mutation-positive), clinicians could not come to an
mutations, six (20%) were insertions, four (13%) were deletionagreement on the nature (benign or malignant) of CNS involvement,
three (10%) were splice site mutations and one (3%) wasaad genotype—phenotype analyses were performed both with and
deletion/insertion mutation (Fidsand?). Thirteen of 30 (43%) without these families: these did not affect the results of analyses.
mutations were located in exon 5, which encodes the proteRhenotypic data including CD2053 are presented (Tabl@sand
tyrosine phosphatase (PTPase) core motif at residues 122-182Figs1 and?2). Of the families with detected mutations, Gl, skin
IHCKAGKGRTG (Fig. 2). Exons 7 and 8, believed to encodeand thyroid sites were most commonly involved, and also the most
potential tyrosine kinase phosphorylation sites at amino acidikely sites to have only benign tumours (Tabje
233-240 (exon 7) and 308-315 (exon 8), contained six of 30Given the relatively small sample size,= 35 for breast
(20%) and four of 30 (13%) mutations, respectively. Togethemvolvement andh = 25 for number of organ sites involved, we



510 Human Molecular Genetics, 1998, Vol. 7, No. 3

Phenotypes:
E PTPase core motif [ malignant
P .
G129E RI30L é CD families benign
unaffected
BZS families Ll
. undocumented

IE' affected males only in family
@ macrocephaly (CNS only)

GI Thyroid E:j LDD (CNS only)
Skin Brz;)tl male and female breast cancer in family

CNS

€.158-159delTA ¢.565delA

¢.158insATAC R130X E157X G165V

(splice)

¢.800insA Y315X  R335X c¢.1007insA

[

¢.723insTT  ¢.971insAT

¢.302- 304delTCAmsCC

5

IVS2-2A->G €.304insT l % i

¢.347-351delACAAT €.520-544del2 R233X

Figure 1.PTENmutations in CD and BZS and their corresponding phenotypes. The PTPase core motif is marked in exon 5. CD families aliesBrS fearked
on figure. Phenotypes are as indicated on figure. Intervening sequence or splice site mutations are marked IVS, witlbnhef €8PV occurring in the donor
splice site of exon 6. Truncating-type mutations are indicated in the lower half of the figure, and non-truncating (migsgioss)imthe upper half.

had little power to detect even moderately large associations atatation may also be of clinical relevance (Tah)leMutations
significance level o = 0.05. Therefore, in order not to miss 5' of the PTPase core motif and within the motif appear to be
potential clinically relevant correlations and in accordance withssociated with maximum organ involvement (5 vesdusites)
standard statistical protocol given our small sample size, W& =0.12). The majority, five of seven, of the mutations within the
chose to screen our data usig 0.10 as a cut off to define core motif were missense (the only other missense mutation
possibly interesting genotype—phenotype associations for futusecurring in exon 3), so it is perhaps not surprising that we
examination in independent analyses. Of the many comparisastsserved an interdependent association between non-truncating
tested, we found associations between (i) the presence ofnatations and five-organ involvemeRt£ 0.11).
detectable mutation and breast involvement (unaffected, benigrNo obvious genotype—phenotype associations were noted for
or malignant) (Table3), and (ii) an interdependent associationthe three families with CD and LDD, nor were any correlations
between the number of organ sites involved and the position aokbiserved between thyroid disease and mutation type or location.
nature of the mutation (Tab#. Itis of note that male breast cancer, previously not recognized as
The breast phenotypBFEN mutation-positive association a component of CD, was observed in a single CD family, CDst.
might have potential clinical relevance (TaB)e Of the seven
mutation-negative families, one had malignant breast disease gygscuyssioN
six had benign breast involvement. Among the 27 CD families
who were mutation positive and have clinical breast informatiomffected members from 30 of 37 (81%) CD families and four of
seven did not have breast involvement, eight had benign breastven (57%) BZS families were found to have gernfim&N
disease and 12 had adenocarcinomas of the breast. This representstions PTENtruncating and missense mutations, associated
a significant difference between the categories (unaffected versugh CD, were scattered along the entire gene, with the exception
benign versus malignant) assesged .05). Specifically and more  of the first, fourth and last exons.
directly, an association was also observed between the presence bf the seven of 37 (19%) CD families and three of seven (43%)
aPTENmutation and malignant breast disedse (0.08). BZS families where @TEN mutation was not identified in the
The possible association between the number of organ sitezding region or flanking intronic sequences, genetic heterogeneity
involved in a given family and the position and/or type ofor another mechanism of PTEN inactivation, could not be excluded.
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Figure 2. The distribution and nature BTENmutations in 30 CD families. Percentages reflect the frequency of a mutation in a given exon or intervening sequence
(IVS) when compared with the gene as a whole (rounding error means that these percentages sum to 99%). Non-truncatiagendetaditansby an asterisk.

Hemizygote analyses in this study suggest that gross gene deletiatyposis coli (FAP) mapped to chromosome 1p35—33§. (
is not a major mechanism in CD. If mutations were present withildentical germline mutations APCcan predispose an individual to
the promoter region or deep within an intron in these families, théyAP, characterized by adenomatous polyposis and colon cancer,
would not have been detected by the methods used in this studyaérdner syndrome, which has the additional features of mandibular
is possible that transcriptional inactivation as the result of aberramgteomas and desmoids, and a proportion of Turcot syndrome,
methylation at CpG islands in the as yet uncharacteRZ&eN  characterized by polyposis, colon cancer and medulloblasiina (
promoter region may result in monoallelic PTEN expression. Mutations which cluster in certain exons could result from one
However, to our knowledge, there is as yet no precedent for aberrant more factors, such as base pair composition [e.g. CpG
promoter methylation at CpG islands in the germline. dinucleotides Z6)] or size of the exon, or they could reflect the

In this study, 30 distinct germline mutations were found in 3Biology of the protein product, i.e. important functional or
CD and BZS families; four mutations, C124R, G129E, R130Xtructural domains. Among the CD families, 77% (23/30) of all
and R233X, occurred twice each in CD, R233X also occurring imutations occurred in exons 5, 7 and 8. The great majority, 43%,
a patient with BZS. Two of these four, R130X and R233Xpccurred in exon 5. Compared with the rest of the gene, this is not
occurred at CpG dinucleotides. Haplotype analysis was able particularly GC-rich and has only two CpG dinucleotides, one of
exclude a common ancestor or founder effect in these lattetich is mutated in three CD families—R130L in one family and
families. Interestingly, R233X was also identified in a single BZ3R130X in two families. Although exon 5 is the largest exon, it
family as well as in two unrelated CD families. Again, haplotypeepresents 20% of the coding region of this gene, while 43% of
sharing among these three families was excluded. Thus, @D mutations occurred in this exon. Hence, the clustering of
identical mutation would appear to be causing both the CD aradmost half of all CD mutations here is likely to be of some
BZS phenotype. Given this small series of mutation-positive BZfunctional significance. Exon 5 encodes the PTPase core moatif,
families and that only one BZS mutation, R233X, is commonmesidues 122-132, IHCKAGKGRTG. It is worthy of note that
with CD, there are two broad possibilities. First, this BZS case isone of the fouPTENmutations associated with BZS occurred
a misdiagnosis and is, in fact, CD. With the current clinical dati this motif. Interestingly, the majority of CD mutations
on this family @2), this is probably excluded. Second, these dataccurring within the core motif itself (five of seven) were
reaffirm the hypothesis that despite CD and BZS being twmissense mutations, implying the sensitivity of this important
distinct clinical entities they might represent a variable spectrufainctional domain to single amino acid changes.
of the same primary disorde?d). One could postulate, in the  After exon 5, a second ‘hot spot’ was observed in exons 7 and
absence of further functional data, that germline R233X i8, believed to encode potential tyrosine kinase phosphorylation
capable of acting in a differential tissue-specific manner in thesites at amino acids 233-240 (exon 7) and 308-315 (exon 8).
two syndromes. Alternatively, and perhaps more likely, one cannBixon 7 contained six of 30 (20%) and exon 8, four of 30 (13%).
exclude the possibility of other genetic modulatory factors ofhe frequency of mutations in these two exons (33% of all CD
epigenetic factors being present. One such example of this is tmeitations) might also reflect their length (30% of the coding
putative modifying locus identified for familial adenomatoussequence).
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Table 2.Phenotype characterization of CD families with germkié&Nmutations

Category A

Any malignancy 15
No malignancy 6
Undocumente® 7
Total 28
Category B

Four or fewer sites 21
All five sites 4
Undocumente®

Total 28
Category C

Disease site/ Unaffected Benign Malignant Macrocephaly  LDD/any Undocumented Total
phenotype only only tumouf

CNS 11 n/a n/a 9 4 4 28
Thyroid 20 6 n/a n/a 0 28
Skin 23 4 n/a n/a 0 28
Gl 13 6 n/a n/a 7 28
Breast 8 12 n/a n/a 1 28

NN =N

aUndocumented in category A indicates cases where the phenotype is a combination of benign and undocumented orgae sitessiliility tf an undocumented
site being a malignancy cannot be excluded.

bundocumented in category B indicates families where non-documentation at one or more sites means they cannot be stassificatgan sites affected.
CPhenotypes for CNS are ‘unaffected’, ‘macrocephaly only’ or ‘LDD/any tumour’. For all other sites, phenotypes are ‘benigmadigiyant’ or ‘unaffected’.
These classifications are not applicable (n/a) for other organ sites.

While it may be obvious that truncating mutations could disrupmalignant breast disease). If PTEN in these mutation-negative
normal protein function, the significance of missense mutatiorfamilies were to be inactivated by alternative mechanisms such as
is difficult to assess in the absence of functional data. The possilofethylation or promoter mutation, then the described correlation
functional role of a small number of CD and BZBENmissense would suggest that such inactivation would be associated with a
mutations has been exploréd vitro (19). For example, the milder breast phenotype. Alternatively, whilst genetic heterogeneity
missense point mutation S170R (exon 6), found in the BZBas yet to be observed in CDY, the possibility that these families
family BanR, was shown to dramatically decrease thare linked to a locus other thBTENwhich is less likely to cause
phosphatase activity of PTEN). It might be expected that breast malignancy cannot be excluded).(
missense mutations in the PTPase motif act by disrupting PTPase
function. Surprisingly, the missense point mutation G129Efable 3.Relationships between breast involvement and the presence or
identified in two unrelated CD families, was not found to decreas#sence oPTENmutations in CD families
phosphatase activity, whereas mutation of the same residue_to
arginine, G129R, does decrease phosphatase actigjtylt(is Genotype  Breast phenotype

plausible that the G129E mutation identified in CD patients Unaffected  Affected Benign Malignant
functions to alter substrate specificity, disrupt protein stability ofMutation 7 20 8 12
disrupt RNA stability, in a manner that remains to be elucidatedNo mutation 0 7(P=030) 6 1(P=0.08)

Another interesting missense mutation identified in this stud¥ B
was founq in the. CyStem.e in the PTPase motif, residue 12.4 ?Ltation-positive with three different categories of breast involvement (unaffected
PTEN. _Th|s cysteine prewously has been shown to be essential { benign versus malignant).
catalysis, acting as a nucleophile that attacks the phosphorus atom
in the phosphate moiety of its substrate, forming a thiol-phosphate
intermediateZ7). It has also been shown previously that mutation A second significant interdependent association was observed
of this cysteine to alanine or serine will ablate phosphatase activitgtween non-truncating, i.e. missense, mutations and the
(28). Two CD families, CDme and CDht, were found to haveanvolvement of all five organ sites (CNS, thyroid, breast, skin and
missense mutation of this cysteine to arginine, C124R, which v@&l tract) in CD. This association is perhaps not surprising when
postulate may also affect phosphatase activity. we consider that the majority of missense mutations, five of six,

Among CD families, two possible genotype—phenotype assase located within the PTPase core motif that is likely to be of
ciations with some clinical relevance were found. The first was major functional significance. At present, we can only speculate
significant correlation betwee®TEN mutation-positive CD as to the functional affect of these mutations. It may be possible
families compared with mutation-negative families and the threhat the mutant protein translated from an allele with a missense
categories of breast involvement (unaffected versus benign versaatation interacts with a wild-type molecule, thus sequestering

0.05 for a 3x 2 table comparind®TEN mutation-negative versuTEN
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wild-type protein and drastically reducing the level of normalnteresting phenotype observed is that of male breast cancer that
PTEN protein available for phosphatase signalling. More plauspreviously has not been recognized as a component of CD. One
bly, molecules with missense mutations may still interact witlcD family with a germline deletion in exon 5, ¢.347-351del,
their substrates, but phosphatase activity is either reduced generating a stop codon at ¢.372, amino acid 124, within the
absent. Hence, these mutant molecules sequester normal PTIEENPase core motif, has a single case of male invasive ductal
substrate away from wild-type PTEN. In contrast, truncatedarcinoma of the breast. Recently, one other case of male breast
PTEN might be postulated to be unable to interact with its normaivolvement has been reported in a CD family with a germline
substrates and so does not sequester substrate from wild-typpEENmutation; however, it is unclear whether this involvement
protein encoded by the wild-type allele. Given these postulates,of a benign or malignant natug&)y. Further studies should be
we could surmise that sequestration of substrates, hence ti@formed to confirm these suggestions that male breast cancer
presence of more phosphorylated substrates, could lead isgpart of the CD spectrum.
multi-organ involvement. Alternatively, PTEN may function as The identification of germline mutations RTENin CD and
a classic tumour suppressor following Knudson's ‘two-hit’ modeBZS will allow DNA-based predictive testing, the results of which
of tumorigenesis9), where the absence of both normal copie€an be incorporated into the clinical management of these families.
of the gene leads to tumour formation, or, in the case of CD aridhis data set, the largest presented to date, has already suggeste
BZS, possibly hamartomas, in affected tissue. In this case, taenumber of interesting associations in CD families between the
association we have observed between the presence of missgrssence of breast malignancy and a gerrRliriENmutation, and
mutations and maximum organ involvement may reflect a trua possibly interdependent association of the presence of germline
positional effect of these missense mutations being clustered in tméssense mutations clustered in the core motif anéliband the
PTPase core motif of PTEN. Confirmation of these theories awaitsvolvement of all organ sites affected in CD. However,
further functional and molecular epidemiological studies of PTENconfirmation of these associations and the identification of new
genotype—phenotype correlations, especially in BZS, awaits the
Table 4. Relationship between number of organ sites involved and specific Study of a larger data set.
PTENmutation type or location in CD families

MATERIALS AND METHODS

Number of organ sites involved

<4 sites 5 sites Patients
Mutation type Affected and non-affected members from 37 CD families were
Point missense 5 > collected forPTEN mutation analysis. The diagnoses of CD were

made in accordance with the criteria of the International Cowden

Point nonsense 8 0 Consortium ¢,14). Three CD families, F97009, F92003 and CDwt,
Frameshift 10 0 also had LDD. Detailed clinical information was unavailable for two
Splice site 1 2 P = 0.004 families—CDne and F97017. Since original submission of the
Total 21 4 clinical phenotype for CD0014 and CD2053, clinicians for these
families have resubmitted opposing clinical features (e.g. malignant
versus benign). These discrepancies in clinical features do not
Truncating 19 2 detract from the fact that these families are classic CD. However,
Non-truncating 2 2 P=0.11 genotype—phenotype analyses had to be performed twice, one with
Total 21 4 one set of features and one with the other.
Seven BZS families were also collected RIFEN mutation
analysis. Whilst international consensus criteria have not yet been
Splice site 2 2 established for the diagnosis of BZS given the small number of
Non-splice site 19 2 P=0.11 families reported in the literature, samples were ascertained on
Total 21 4 the basis of the presence of macrocephaly, lipomatosis and
pigmented macules on the glans penis.
Mutation location DNA preparation
5 of and including the PTPase motf 11 4 Blood samples were obtained from affected and non-affected
3 of PTPase motif 10 0 P=012 members of 37 CD and seven BZS families. Constitutional DNA
Total 21 4 was extracted from blood leucocytes using standard techrigles (

No additional CD genotype—phenotype associations werpeTEN mutation analysis

observed in this study, possibly due to the modest size of thifie nine exons dPTEN including flanking intronic sequence,
series. A few interesting observations are notable. The three @2re sequenced using primers designed from intronic sequences.
families reported with LDD were shown to have germiff&EN  Primers and PCR conditions have been previously described
mutation at three separate sites: two splice site mutations in IVEP5,18) with the exception of primers for exons 2 and 4,
and IVS3 and a truncating mutation in exon 5, downstream of tmespectively PLOX2AF102 &TT TGA TTG CTG CAT ATT
PTPase core motif. It is of note that the four patients co-segregatifi@A G-3) and P10X2AR88 (5TCT AAA TGA AAA CAC

CD and LDD reported by Nelegt al. (20) were also found to AAC ATG-3'), PLOX2CF51 (5CAT TAT AAA GAT TCA GGC

have only splice site or truncating mutations. One otheAAT G-3') and P10X2CR108 (§5AC AGT AAG ATA CAG
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TCT ATC-3). Purification of PCR products was carried out by For all tables, the statistical significance of differences between

gel isolation followed by purification using the Wizard PCRgenotype groups were computed using Fisher’s two-tailed exact

Preps DNA Purification System (Promega, Madison, WI)test 35,36).

Purified PCR products were sequenced directly using the ABI

Prism Dye Terminator Cycle Sequencing Ready Reaction Kit

(Perkin-Elmer, Norwalk, CT). Cycle sequencing products wer

electrophoresed on 6% Long Ranger gels (FMC Bioproduct%‘,CKNOWLEDGEMENTS

Rockland, ME) and analysed on an Applied Biosystems model . . e

373A automated DNA sequencer (Perkin-Elmer). We would like to thank the families for participating in this study.
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families without germlinePTEN mutation, a polymorphism, Marx Investigator in Human Cancer Genetics.
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